Genome sequences are available for increasing numbers of organisms. The proteomes (protein complement expressed by the genome) of some such organisms are being studied with two-dimensional gel electrophoresis, but the identification of thousands of proteins on two-dimensional gels remains a challenge. Recent progress with mass spectrometric and traditional sequencing methods has increased the speed, sensitivity, and ease of protein sequence analysis. Although these methods can be used to produce extensive sequence information, they are also ideal for rapidly generating aminoand carboxy-terminal 'sequence tags' of six amino acids or less.
To investigate the application of such sequence tags to the identification of proteins separated on two-dimensional gels, we have written a program, TagIdent, to match a protein sequence of up to six amino acids against entries in the SWISS-PROT database. Important features of the program are that it allows the user to specify (optionally) the estimated isoelectric point and mass, one or more species of organism to match against, and whether the sequence data are amino-or carboxy-terminal; in this way searches are highly directed. This is in contrast to BLAST, BLITZ or FASTA, which are global searching tools that either cannot search with very small sequences or return lists containing many irrelevant proteins. TagIdent is available on the world-wide web at http://expasy.hcuge.ch/www/ tools.html and results are sent by e-mail.
Use of TagIdent with proteins from organisms for which the genome has been completely, or almost completely sequenced shows that sequence tags have surprising specificity. Figure 1 shows that a protein from an Escherichia coli two-dimensional gel, sequenced with rapid Edman degradation for four cycles only [1] , was identified from 223 other candidate proteins within the specified windows of isoelectric point (pI) and molecular mass. The identity of the protein was confirmed by using the same sample for amino-acid composition identification. The theoretical 'identification' of 50 randomly selected proteins from E. coli using sequence tags of three, four or five amino acids and appropriate pI and mass windows revealed the same trend. At the amino-terminus, 68% of proteins could be uniquely identified with a three amino-acid tag, 90% with four amino acids, and 94% with five amino acids. The remaining proteins were not uniquely identified, but were correctly assigned as members of a family.
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Figure 1
Output from the TagIdent program, uniquely identifying a protein from an E. coli twodimensional gel by virtue of its amino-terminal sequence tag, estimated pI and mass (Mw). Generous pI and mass windows were used. The program was requested to display protein amino termini, but it will show any protein that carries a specified tag in the 'results with tagging' list, whether the tag is found at a protein's amino or carboxyl terminus or internally. Thus the identification of this protein as DHE4_ECOLI is convincing not only because the tag is at the amino terminus, but because the tag was not found anywhere in the sequence of the other 222 proteins that also fall within the specified pI and MW window. Note that the program can accept tags containing one or more "X" if an amino acid is unknown. [4, 5] of the amino-acid residues that determine the FnIII protein fold, and is supported by other calculations. From alignments of the sequences of a protein family, an HMM can be built to encode the probabilities of different residues occurring at particular sites. The model can then be used to detect other sequences that are likely to be very distant members of the proteinfold family [6] . We built an HMM from a multiple alignment of 434 FnIII domains, and used it to search for FnIII domains in the yeast protein database release 4.1 [7] .
Residues 76-166 of the sequence L8543.18, and residues 35-125 of YEF3_YEAST, matched the HMM with scores of 39.5 and 21.5 bits, respectively. We found a homologue of L8543.18 in cosmid c6G9 of the genomic data for S. pombe, using the program tblastn [8] (see Fig. 1a ). Residues 77-167 of this sequence match the FnIII HMM with a score of 32.4 bits. The HMM score is the logarithm to base 2 of the probability of the sequence matching the HMM, divided by the probability of a randomly generated sequence matching the HMM. The next highest match, SVS1, scored 9.4 bits. We would expect a score of 12 bits to be significant against a database of this size. [11] . The top match against the L8543.18 protein was the FnIIIcontaining receptor tyrosine kinase KEK4_CHICK, with a p value of 7.5 ϫ 10 -4 . The best match against YEF3_YEAST was FINC_CHICK, the fibronectin protein in chicken, with a p value of 2.0 ϫ 10 -3 . Note that these matches were found using only the 'FnIII' portion of the two S. cerevisiae proteins. If the whole sequence of L8543.18 is used, the first protein with an FnIII domain to be matched is NCA1_MOUSE at rank position 284, with a p value of 0.56; for the whole sequence of YEF3_YEAST, the first such match is NCA2_XENLA at rank position 380 and with a p value of 0.96. Routine BLASTP analysis would not, therefore, find the yeast FnIIIlike sequences.
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